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Monitoring urban sprawl is a vital component to assess landscape changes as it directly affects the quality of life. Multi date land-
use and land-cover thematic layers were generated using multi-date high resolution remote-sensing data and Survey of India topo-
sheet and spatial changes in urban land-use and urban-sprawl were studied using GIS. The residential and commercial urban area of 
city increased from 14,865.8 and 2,121.27 hectares in 1991 to 35,564 and 3,527.34 hectares in 2014. This study revealed that 51% of 
agricultural land and 2% of water bodies have been transformed as other urban land use features, in the form of built-ups. Based on 
current landscape trends, a 29-year forward simulation for the years 1991 to 2020 was performed using GIS land use change modeller 
analysis tool. The results show that by 2020 the residential and commercial urban of Chennai would increase to 51,059 and 4,246.7 
hectares, respectively. 
[Keywords: Urban-sprawl; Geospatial-technologies; Land-use & land-cover changes; Investigation and prediction; Chennai] 
Introduction  
Since the beginning of civilization, mankind has 
lived in close relationship with nature. While 
mankind’s interdependence on environment is greater 
than that of any other organism; his restless and 
ruthless pursuit of progress, comfort and security has 
resulted not only in increased stress on the 
environment, but also on the land-use/land-cover over 
a period of time. Information on existing land 
use/land-cover, its distribution and changes are 
essential prerequisite for any kind of planning 
activities3. The land use planning and management 
strategies hold the key for development of any region. 
Planning for development of natural resources 
without endangering the environment is a crucial 
issue the world is facing today15, 9. It is essential that 
land use data are made available for the analysis of 
environmental processes and problems that must be 
understood if living conditions and standards are to be 
improved or maintained at the current level1. The 
conventional methods of detecting land use/land 
cover changes are costly, low in accuracy and do not 
present a larger picture of the area. Unlike 
conventional method, remote sensing has proven to be 
a cost-effective and technologically sound method for 
the assessment and analysis of urban sprawl6,7,13,16. 
Environmental remote sensing has demonstrated to be 
an effective method of obtaining information 
regarding the nature and properties of objects on the 
earth surface and in the atmosphere through use of 
data from sensors which record electromagnetic 
radiation reflected or emitted from those objects4. 
Remote sensing data are especially important and 
useful in the areas of rapid land-use changes where 
updating of information is tedious and time-
consuming. The monitoring of urban development is 
mainly to find out the type, amount, and location of 
land conversion that has occurred10. Lillesand, etal.,11 
noted that monitoring and simulating urban sprawl 
and its effects on land-use patterns and hydrological 
processes in urbanized watersheds are essential  
in land-use and water resource planning and 
management. 
A modern nation, as a modern business, must have 
adequate information on many complex interrelated 
aspects of its activities to make decisions. Land use is 
only one such aspect, but knowledge  about land use 
and land cover has become increasingly important as 
the nation plans to overcome the problems of  
random, uncontrolled development, deteriorating 
environmental quality, loss of prime agricultural 
lands, destruction of important wetlands, and loss of 
fish and wildlife habitat. Land use changes are 
altering human and natural systems globally and 
regionally. Land use data are needed in the analysis of 
environmental processes and problems that must be 
understood if living conditions and standards are to be 
improved or maintained at current levels. Singh, 
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etal.,14 has carried out a detailed study on the impact 
of coal mining and thermal power industry on the land 
use pattern in and around Singrauli Coal fields and 
inferred that there is loss of agricultural and forest 
land that could be attributed to the rapid 
industrialization in the area.  
An unprecedented population growth and influx of 
migrant workers leads to an increased urban 
population and inadvertent urbanization. More and 
more towns and cities bloomed with the change in 
land use along the myriad of landscapes and 
ecosystems found on earth. Today, humans can boast 
of living under a wide range of climatic and 
environmental conditions. This has further led to 
humans contributing to the urban centre at almost 
every corner of the earth. These urban ecosystems are 
a consequence of urbanization through rapid 
industrialisation and mushrooming of residential 
colonies and they also became a hub of economic, 
social, cultural, and political activities. The Chennai 
City, the present study area, has been experiencing 
drastic and unprecedented land-use/land-cover 
changes as a consequence of increasing human 
population and their ruthless activities with total 
disregard to nature besides natural influences.  The 
aim of this study is to investigate and predict the 
urban sprawl and land-use changes using geospatial 
techniques. The prime objectives of the present study 
are as follows: 
1. To determine the spatial extent of urban land-use 
and land-cover changes in Chennai city using 
remote sensing and GIS techniques; 
2. To investigate the effect of urban changes on the 
spatial structure of urban landscapes of the study 
area, and 
3. To predict the extent of urban sprawl of  
Chennai city. 
 
Study area 
Chennai is the capital of the Indian state of Tamil 
Nadu located at 13°04'N latitude and 80°17'E 
longitude on the south-east coast of India on the 
north-east part of the Indian state of Tamil Nadu. It is 
one of the biggest cultural, economic and educational 
centers in South India. According to the 2011 Indian 
census, it is the fifth largest city and fourth most 
populous urban agglomeration in India. The city 
together with the adjoining regions constitutes the 
Chennai Metropolitan Area, which is the 36th largest 
urban area by population in the world shown in  
Figure 1. 
Materials and Methods 
 
 
Data acquisition 
Digital LANDSAT TM images of 1991, 2000, 
2006 and 2014 were downloaded from the GLCF 
(global Land-cover Facility) website. Table 1 depicts 
the details of images used for the present study. The 
image data sets thus obtained were radiometrically 
and geometrically corrected. The Survey of India 
(SoI) topographic sheet covering parts of Chennai 
were acquired as scanned images and digitized giving 
rise to undershoot/overshoot, dangles and misplaced 
points using ArcGIS. These errors were corrected by 
careful post-editing of the digitized map and by 
comparing this with the satellite image. 
 
Image pre-processing 
To effectively utilize the information contained in 
all the bands, filters were applied to remove the 
effects of atmospheric particles caused by absorption 
 
 
Fig. 1 — Landsat image of Chennai city 
 
Table 1 — Satellite data used for the present study 
Date of image acquisition Sensor Path Row 
April 1991 LANDSAT 5 158 42/43 
April 2000 LANDSAT 7 158 42/43 
March 2006 LANDSAT 7 158 42/43 
March 2014 LANDSAT 7 158 42/43 
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and scattering of radiation from the earth surface 
during acquisition12. Conversion of digital numbers to 
absolute radiance is important in data processing 
activity involving qualitative applications especially 
when reflectance of objects are measured over time 
using different sensors11. Such conversion was done 
using ERDAS IMAGIN 2013. Bands 1,2,3,4,5 & 7 
were used in the classification processes. Since the 
satellite image covering the study area containing 
geometric distortions is passed through the process of 
rectification and restoration, the images were 
geometrically corrected using ERDAS IMAGIN 2013. 
 
Image classification 
For this study, maximum likelihood classification 
(MLC) was adopted. This classification was chosen 
for the present study as it is preferred by most 
researchers as it is a robust classifier that has been 
shown to be superior to other algorithms using 
medium and high resolution multispectral imagery2. 
Probability function is calculated from the inputs for 
classes established from training sites. Each pixel was 
then judged as to class to which it most probably 
belongs. The classes thus used and their differences 
are presented in Table 2. 
 
Accuracy assessment 
It is necessary that accuracy assessment is made to 
attain better results and therefore the same was 
conducted by selecting a sample of reference 
locations and comparing the classifications with the 
reference locations to the classifications provided by 
the land-cover map. The reference sample was 
selected independently of the data used for training 
and/or developing the classification procedure. 
Survey of India topographic sheet and Landsat TM 
images acquired for 1991, 2000, 2006 and 2014 were 
used to assess the accuracy of the land-cover 
classification maps for 1991, 2000, 2006 and 2014, 
respectively. The data used for training and testing 
image classifications were completed with GPS field 
surveys of selected locations across the study area.    
 
Change detection 
To determine the spatial extent of urban changes, 
the classified maps recorded to define the urban 
landscape (Residential urban and commercial urban) 
as one class and all other land-cover types were 
combined into non-urban class (Vegetation, water 
bodies/river and waste land). A past-classification 
comparison was adopted to determine the changes in 
urban class using ERDAS IMAGIN 2013. The urban 
change maps showing urban expansion, loss in other 
land cover classes and unchanged urban landscape 
were based on the difference between the urban land 
cover in the baseline (1991) and assessment (2000, 
2006 and 2014) maps from the study area. 
 
Results and Discussion 
 
Image classification 
Figure 2 depicts the Landsat image (1991, 2000, 
2006 and 2014) classified using MLC technique.  
The error matrix for the accuracy assessment was 
generated using the classified maps and a second 
signature map to produce kappa values. The 
LANDSAT images were used as surrogate data to 
create a second training dataset. The Landsat images 
were dated April 1991 (for 1991 assessment),  
April 2000 (for the 2000 assessment), March 2006 
(for the 2006 assessment) and March 2014 (for the 
2014 assessment). 
 
Accuracy assessment 
Table 3 presents the error matrix and accuracy 
assessment result for land cover classifications for 
1991, 2000, 2006 and 2014, respectively. The overall 
classification accuracies attained for the maps of 
1991, 2000, 2006 and 2014 were 95.8%, 94.4%, 
95.8% and 96.8%, respectively. Given the accuracy 
values as sufficiently accurate, the maps are used for 
change detection and subsequent analysis. 
Land use/land cover change detection 
The Chennai city has variety of land use/land cover 
with different types of configurations. The satellite 
remote sensing data for the periods 1991, 2000, 2006 
and 2014 provided information about the land 
use/land cover of the area and have been categorized 
into seven classes such as vegetation, residential 
urban, commercial urban, water bodies/river and 
waste land. The area statistics of land use classes in 
Table 2 — Land use and land cover classes and their definitions 
Vegetation All forms of vegetation including 
agricultural land and forest etc. 
Residential Urban and 
Commercial Urban 
All built up structures including 
residential and commercial, industrial, 
road, 
Water bodies/River All water body including the River , 
stream, Lake, reservoir and tank 
Waste Land It including Salt affected land, Water 
logged land, Marsh/swampy land, 
Gullied/ravenous land, Land with or 
without scrub, Sandy area and Barren 
rocky / stony waste / sheet rock area 
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the map were generated and are presented in Table 4. 
Land use land cover maps of the study area during the 
years 1991, 2000, 2006 and 2014 are shown as  
Figure 2. 
Multi-temporal satellite data analysis adopted in 
the present study enables observation of the land use 
and land cover changes in the study area from 1991 to 
2014. Over the past 23 years, it could be seen that 
areas of some land-use classes have increased, areas 
of some classes have decreased and some categories 
have changed to another category in the study area. 
These changes could be attributed to the rapid growth 
of population in Chennai city and their various kinds 
of activities such as improper site selection for 
construction, real-estate, encroachment of water body 
and wetlands for construction of residence and 
industries etc., that have taken place in the study area. 
The land use and land cover changes in the study area 
can be explained and categorized as: (i) Changes in 
vegetation, (ii) changes in residential urban, (iii) 
changes in commercial urban, (iv) Changes in water 
bodies/river, and (v) changes in wasteland. 
The results show that the vegetation area of 
Chennai city is decreased from 21796.8 hectares in 
the year 1991 to 1436.01 hectares in the year 2014. It 
can be inferred that about 20,360.79 hectares of 
vegetation area has been converted as other land 
forms. Also, the results shows that the residential and 
 
 
Fig. 2 — Land use and land cover maps of Chennai city for 1991, 2000, 2006 and 2014 
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commercial urban of the city is drastically increased 
in the amount of 20,698.2 and 1,406.07 hectares 
between the year 1991 to 2014. Whereas it could be 
inferred that the waste lands has decreased by 54.89 
hectares between the year 1991 and 2000, 1.90 
hectares between 2000 and 2006 and 1.41 hectares 
between 2006 and 2004. What is pathetic to see is that 
the category water bodies had emphatically decreased 
by the amount of 1118.76 hectares between 1991 and 
2000, 354.11 hectares between 2000 and 2006 and 
Table 3 — Error matrix and accuracy assessment result for land cover classifications 
1991 Image Classification 
  Reference Map 
  Vegetation Residential 
Urban 
Commercial 
Urban 
Water 
bodies/River 
Waste Land Total User’s Accuracy  
(%) 
C
la
ss
ifi
ed
 m
ap
 
Vegetation 150 0 0 0 10 160 93.3 
Residential Urban 0 120 0 0 0 120 100 
Commercial Urban 0 5 100 0 0 105 95 
Water bodies/River 0 0 0 95 5 100 94.7 
Waste Land 0 5 0 1 85 91 92.9 
Total 150 130 100 96 100 576 - 
Producer’s accuracy (%) 100 92 100 100 85 - - 
Overall accuracy (%) 95.8 - - - - - - 
2000  Image Classification 
  Reference Map 
  Vegetation Residential 
Urban 
Commercial 
Urban 
Water 
bodies/River 
Waste Land Total User’s Accuracy  
(%) 
C
la
ss
ifi
ed
 m
ap
 
Vegetation 200 8 0 0 10 218 94 
Residential Urban 0 150 8 0 0 158 94.6 
Commercial Urban 0 2 180 0 0 182 98.8 
Water bodies/River 0 0 0 95 5 100 94.7 
Waste Land 0 5 2 1 85 93 90 
Total 200 165 190 96 100 751 - 
Producer’s accuracy (%) 100 90 94.7 100 85 - - 
Overall accuracy (%) 94.4 - - - - - - 
2006  Image Classification 
  Reference Map 
  Vegetation Residential 
Urban 
Commercial 
Urban 
Water 
bodies/River 
Waste Land Total User’s Accuracy  
(%) 
C
la
ss
ifi
ed
 m
ap
 
Vegetation 140 0 0 0 0 140 100 
Residential Urban 0 180 10 0 0 190 94.44 
Commercial Urban 0 15 200 0 0 215 92.5 
Water bodies/River 0 0 0 175 5 180 97.14 
Waste Land 4 0 0 1 100 105 95 
Total 144 195 210 176 105 830 - 
Producer’s accuracy (%) 100 92 95 99.4 95.2 - - 
Overall accuracy (%) 95.8 - - - - - - 
2014  Image Classification 
  Reference Map 
  Vegetation Residential 
Urban 
Commercial 
Urban 
Water 
bodies/River 
Waste Land Total User’s Accuracy  
(%) 
C
la
ss
ifi
ed
 m
ap
 
Vegetation 200 10 0 0 5 215 92.5 
Residential Urban 0 115 2 0 0 117 98.2 
Commercial Urban 0 5 170 0 0 175 97 
Water bodies/River 0 0 0 85 0 85 100 
Waste Land 2 0 0 0 60 62 96.6 
Total 202 120 172 85 65 657 - 
Producer’s accuracy (%) 99 95.8 98.8 100 92 - - 
Overall accuracy (%) 96.8 - - - - - - 
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1512.23 hectares between 2006 and 2004. The urban 
land use land cover changes in Chennai city during 
the years 1991, 2000, 2006 and 2014 is shown in 
Figure 3. The urban land use and land cover changes 
between 1991 and 2014 are presented in Table 5. 
 
Urban sprawl model 
Urban sprawl describes the expansion of human 
populations away from central urban areas into 
previously remote and rural areas, often resulting in 
communities reliant upon heavy automobile usage. 
Urban sprawl is a multifaceted concept of community 
planning especially relevant to developed nations, 
involving topics that range from the outward 
spreading of a city and its suburbs to exurbs, to low-
density and often auto-dependent development on 
rural land. The term also involves examination of 
impact of high segregation between residential and 
commercial uses, and analysis of various design 
features which may encourage car dependency.  
The analysis of multi-temporal satellite data for the 
present study enables observation of the expansion of 
urban (urban sprawl) in Chennai city from 1991 to 
2014 and prediction of the future status of urban for 
next six years (2020). Over the past 23 years, most 
areas of the land use and land cover classes have been 
converted to urban. The prediction analysis shows that 
the city will continue to expand more and more rapidly. 
Much of the urban growth in Chennai is now taking 
place due to the enormous growth of information 
technology (IT), business process outsourcing (BPO) 
and other software services and software enabled 
services, which are increasingly concentrating in the 
peripheral areas, designated for them by the State 
Government. Besides, large manufacturing and 
integrated special economic zones (SEZs) are coming 
up in these areas. Film industry is also a major driver of 
the various services and of the employment generation. 
Recently, large real estate and construction activities 
have been playing a major role in the economic 
development and employment generation. Figure 4 and 
Table 6 show the urban sprawl of Chennai city during 
1990, 2000, 2006 and 2014.  
During 1991, the construction activities of the city 
started. So during this period many urban facilities 
were provided apart from large scale construction of 
residential quarters, so that the population growth is 
less than the urban area growth. During this period in 
Chennai city, only 14,865.8 hectare (37%) of the land 
is covered by the residential urban and 2121.27 
hectare (5%) commercial urban. Other land use 
categories like vegetation and water bodies cover an 
area of 21796.8 hectare (54%) and 1594.057 (4%), 
respectively. 
During 2000, the population growth rate was 
manifold and many times more than the area growth. 
This feature could be described to the fact that during 
this period employees of various departments came to 
reside in residential quarters. During this period in 
Chennai city, 29772.8 hectare (73%), 2627.39 hectare 
(6%), 5879.88 hectare (14%), residential urban, 
commercial urban, vegetation, water bodies and waste 
land covered 2712.83 hectare (7%) and 12.6711 
hectare of the lands. 
During, 2006 the population growth and urban area 
growth were found to be proportional. During this 
period in Chennai city, the population growth rate 
doubled compared to urban area growth. During this 
period, 31338.2 hectare (76 %), 3331.15 hectare 
(6%), 3956.34 hectare (10%), residential urban, 
commercial urban, vegetation, water bodies and 
wasteland covered 2358.69 hectare (6%) and 10.765 
hectare of land. 
From 2014, it could be seen that there was a 
tremendous rise in the built-up lands eroding into 
agricultural  area, vegetation, water  body  and   open 
Table 4 — The area statistics of land use and land cover classes 
for Chennai city in the year 1991, 2000, 2006 and 2014 
Category Area of 
Chennai in 
1991 
(hectares) 
Area of 
Chennai in 
2000 
(hectares) 
Area of 
Chennai in 
2006 
(hectares) 
Area of 
Chennai in 
2014 
(hectares) 
Vegetation 21796.8 5879.88 3956.34 1436.01 
Residential 
Urban 
14865.8 29772.8 31338.2 35564 
Commercial 
Urban 
2121.27 2627.39 3331.15 3527.34 
Water 
bodies/River 
1594.057 2712.83 2358.69 846.454 
Waste Land 67.567 12.6711 10.765 9.35 
 
Table 5 — Urban Land use and land cover changes between  
1991 and 2014 
LU/LC Category Area in  
(Hectare) 
1991 
Area in 
(Hectare)  
2014 
Changes in 
(Hectare) 
1991-2014 
Vegetation 21796.8 1436.01 -20360.79 
Residential 
Urban 
14865.8 35564 20698.2 
Commercial 
Urban 
2121.27 3527.34 1406.07 
Water 
bodies/River 
1594.057 846.454 -747.603 
Scrub land 67.567 9.35 -58.217 
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Fig. 3 — Urban land use land cover changes in Chennai city during the years 1991, 2000, 2006 and 2014 
 
 
 
Fig. 4 — Urban sprawl map of Chennai city during 1991, 2000, 2006 and 2014 
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spaces. During this period, the category residential 
urban covers an area of  31338.2 hectare (86%), 
commercial urban covers an area of 3527.34h (9%), 
vegetation covers an area of 1436.0 hectare 
(3%),water bodies covers area 846.454 hectare (2%), 
and waste lands covers an  area 9.35 hectares.  
– The multi-temporal satellite data and model used in 
the present study enable the prediction of future 
status of urban sprawl over next six years (from 
2014 to 2020).  Figures 5, 6, 7 and 8 portray the 
changing trend in categories, such as residential 
urban, commercial urban, water body and 
vegetation, between 1991 and 2020. The multi-
temporal satellite data and model analysis to 
predict the future status of land use land cover in 
Chennai city can be summarised as follows: 
– The residential urban will be increased from 35564 
hectare to 51059 hectare between 2014 and 2020. 
– The commercial urban will be increased from 
3527.3 hectare to 4246.7 hectare between 2014 and 
2020. 
– The vegetation and water body will be 
disappearing during 2020. 
– The wastelands will be reduced from 9.35 hectare 
to 4.16 hectare between 2014 and 2020. 
 
 
Fig. 6 — Commercial urban changing trend from 1991 to 2020 
 
 
 
Fig. 7 — Vegetation changing trend from 1991 to 2020 
 
 
 
Fig. 8 — Changing trend in water body between 1991 to 2020 
Table 6 — Urban sprawl during 1991, 2000, 2006 and 2014 
LU/LC Category Area in 
(%) 
1991 
Area in 
(%) 
2000 
Changes 
in (%) 
2006 
Changes in  
(%) 
2014 
Vegetation 54 14 10 3 
Residential Urban 37 73 76 86 
Commercial Urban 5 6 8 9 
Water bodies/River 4 7 6 2 
 
 
 
Fig. 5 — Residential urban changing trend from 1991 to 2020 
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Conclusion 
Communities worldwide need data to compensate 
for and adapt to current growth while planning  
for expected further change and its impact on 
infrastructure, as well as the surrounding environment5. 
This study has demonstrated the potential of using 
remote sensing data to obtain accurate and detailed 
information on urban land use/land cover changes 
through the use of spatial data analysis and arrive at a 
prediction model to depict how the entire landscape 
would change in the future. The overall aim of the 
study was to investigate the spatial extent of urban 
land use changes in Chennai city, Tamil Nadu, taking 
into consideration the nature and dynamics. The 
Chennai urban changes during the past 23 years are 
mainly due to the population growth and commercial 
and industrial activities. The present studies indicate 
that in Chennai city urban sprawl is very active. It is 
estimated that 20698.2 hectare lands have been 
converted into built-up lands over the past 23 years 
between 1991 and 2014. The multi date land use and 
land cover maps show the major changes in the land 
use, i.e., increase in residential urban, commercial 
urban and reduction of vegetation and water bodies. 
The multi-temporal satellite data and model analysis 
predict the future status of land use land cover in 
Chennai city which is presented as: (1) the category of 
residential urban will be increased from 35564 hectare 
to 51059 hectare between 2014 and 2020 and (2) the 
category of commercial urban will increase from 
3527.3 hectare to 4246.7 hectare between 2014 and 
2020. The field observation conducted thereafter also 
proves the fact that drastic changes in the Chennai 
urban is because of commercial, industrial and 
entertainment tourism activities.  
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